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Abstract 
Coal-fired power generation in Vietnam is expected to grow rapidly over the next 15 years and become the most 
important source of electricity in Vietnam.  At present, coal accounts for about 20% of Vietnam’s power generation 
mix and it will rise to over 50% in 2030 if the coal-fired capacity is increased from 4,360 MW to 75,000 MW as 
planned. In this study we contrast the current CO2 emissions from the existing sub-critical coal-fired plants in 
Vietnam, based on average operating efficiencies, with scenarios that assume the use of imported coal of varying 
grades instead of the use of domestic coal. We also explore how emissions could change with the adoption of 
supercritical- and ultra-supercritical combustion technologies. The results provide clear insights for policy-makers 
tasked with meeting Vietnam’s future emissions standards. 
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1. Introduction 
According to Power Master Plan VII published in 2011, Vietnam plans to increase its coal-fired capacity 
by 36 GW in 2020 and up to 75 GW in 2030. This capacity is expected to generate 156 TWh and 394 
TWh of electricity per annum in 2020 and 2030, respectively, up from 19.7 TWh in 2010. The share of 
coal-fired generation in the total electricity mix will rise from 20% to over 50% in 2030. As this will 
undoubtedly have a major impact on emissions (Vietnam is a member of UNFCCC), the key goals are 
necessarily modernization of the coal fleet and importation of low rank coals. [1], [2] 
2. Literature review 
Inventories of greenhouse gas emissions in power generation from fossil fuels have been outlined in 
numerous past studies and reports. A comprehensive methodology is given in the publications IPCC and 
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UNFCCC based on which scholars have already estimated grid factors of electricity sources in Vietnam 
[2]. The International Energy Agency’s Clean Coal Centre has carried out numerous country studies 
looking specifically at the emissions caused by burning coal and how these could be reduced through 
changes in power plant technologies and/or changes in the types of coal used.  However, in the report that 
they published on Vietnam in 2010, no attempt was made to quantify how future emissions may develop. 
The new Power Master Plan VII, which was published upon release of the mentioned report, assigns coal 
a pivotal role in the future energy mix of Vietnam. Thus, we felt that that more attention should be given 
to the inevitable increases in greenhouse gas emissions from coal-fired power generation in Vietnam. 
 
3. Methodology 
The goal of this study is to analyze the potential future growth of CO2 emissions from Vietnam’s coal 
power generation sector. The system boundary includes only emissions incurred directly from combustion 
of coal and does not account for any CO2 emissions released during upstream processes such as raw 
material extraction and transport and power plant construction/decommissioning. The first part of the 
study analyzes the average CO2 grid factor and total CO2 emissions of the coal power generation as of 
2010, based on information about operating coal power plants and types of coal used. In the second part, 
we analyze future projections of the previously mentioned values from the viewpoint of the targeted 
growth of the coal electricity sector between 2010 and 2030. We also take into account planned 
diversification of the coal supplies and the introduction of supercritical and ultra-supercritical combustion 
technologies. As the official Power Master Plan VII contains specific numbers for both capacity additions 
and generated power, we used this data as a reference for our projections. 
 
3.1. CO2 emissions per MWh and total CO2 emissions 
Carbon dioxide emissions per MWh and total CO2 emissions from coal generation in 2010 were estimated 
according to the methodologies outlined in various past publications [3] - [7]. Carbon dioxode emissions 
from thermal power plants depend on the amount of coal combusted and the CO2 emission factor of the 
coals. The fuel consumption of power plants can be calculated by dividing the net power output of 1 
MWh by the product of the fuel heating value and the thermal efficiency of the units. Total CO2 emissions 
were calculated as a product of the CO2 factor of each MWh produced with the total amount of generated 
power.  
 
3.2. Review of coal resources in Vietnam 
Vietnam’s major coal deposits are concentrated in the Quang Ninh and the Red River basins which are in 
the far north of the country. Around 65% of the coal supplied to the country’s power plants is various 
anthracites while the rest is sub-bituminous coals with heating values ranging from 20 MJ/kg to 35 MJ/kg 
[8], [9]. Establishing a precise understanding of the country’s coal resources, including country-specific 
CO2 emissions factors, was difficult due to the lack of publically available data. Thus, we depended on 
the CO2 emission factors published by the IPCC. 
3.3. Equipment and operational efficiency of power plants 
Accurate information about the efficiencies of operating power plants plays an important role in 
estimating the required amounts of coal, which in turn affects the quantities of emissions released from 
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the combustion stage. In 2010, coal-fired generation accounted for about 21% of the total fuel mix and 
there were eight sub-critical coal power plants with a total capacity of 4,360 MW [10]. These power 
plants are equipped with steam turbines which were assumed to have 36% efficiency on a clean-as-new 
condition at 100% load. While such a high efficiency may be justified for only the newer units 
commissioned after 2001, we did not include the older stations built in the 1980s in this study due to their 
low share in the total generation stock.  
The actual operating performance of steam turbines is usually below the clean-as-new efficiency. The loss 
in performance occurs from a number of factors such as equipment deterioration, impacts of ambient 
conditions and operational practices.  
Equipment deterioration inside the power plant occurs naturally even if the equipment is regularly 
maintained. Over the typical 20 to 25 years of a power plant’s lifetime, the ageing of equipment can 
reduce the efficiency by 3.5%. In our study, we assumed an efficiency loss of 2% after the first five years 
of operation, followed by another 1% reduction over each of the subsequent five-year intervals [11], [12].  
Higher ambient air and cooling water temperatures, and lower air pressure due to altitude typically cause 
additional penalties on power plant performance. Through the literature review, it was found that these 
factors usually have a 2 to 3% penalty [11]-[13]. Hence we took a 2% of efficiency loss as a good 
approximation for all systems in operation. 
Finally, the efficiency of a turbine is affected by its load factor. We assumed that power plants operated 
with an 80% load on average and the related drop in efficiency was 4% [12], [14].  
Example: estimating performance of the subcritical unit Pha Lai 2 commissioned in 2001: 
[Operating efficiency in 2010] = [Clean-as-new efficiency] * [impact of ageing, 10 years] * [impact of 
ambient conditions] * [impact of part-load, 80%] = 0.36*0.975*0.98*0.96 ≈ 0.33                    (Eq. 1) 
 
3.4. Temporal boundary and capacity projections 
The temporal boundary of this study was chosen in line with the The Power Master Plan VII’s timeframe, 
namely 2010 to 2030, and is divided into five five-year intervals. For each interval, projections in 
electricity generation, CO2 emissions per MWh and total CO2 emissions from coal-fired capacity were 
calculated. Projections for installed capacity and electricity generation were sourced from the official 
documents for the years 2020 and 2030 and interpolated for the years 2015 and 2025 (assuming linear 
growth) [1]. The operating parameters of power plants were evaluated every five years according to 
equation 1, whereby the age penalty is the single variable component. For the newly added capacity, the 
age penalty was applied after the first five years in operation as stated in 3.3. 
3.5. Utilization of capacity and future scenarios 
In order to accurately estimate the CO2 emissions factor from the stock of power plants, it is important to 
know the average annual share of generation of every power plant listed in the existing system as well as 
the planned build and closure of large generation units. However, such case-specific statistics are often 
difficult to obtain and were not found for Vietnam. Therefore, we assumed that power plants participate 
in the generation mix proportional to their capacity size and there are no coal-fired must-run plants (e.g. if 
the total coal-fired capacity is 4,360 MW and the annual generation is 19.6 TWh, a 1,200 MW power 
plant will supply 27.5% or 5.4 TWh to the grid). We also assumed that 4,360 MW of coal capacity from 
2010 will maintain the same level of output over the next 20 years, while the remaining power will be 
provided from the power plants commissioned in the future. In other words, there will be no displacement 
of older coal power plants with new ones. It must be noted that both these assumptions are considerably 
simplified due to the dynamic and complex nature of the electricity sector. 
1522   Anton Finenko and Elspeth Thomson /  Energy Procedia  61 ( 2014 )  1519 – 1523 
We assumed three scenarios reflecting future generation technologies and three scenarios reflecting future 
coal supply (see Fig.1). Supercritical and ultra-supercritical power plants were assigned with 47% and 
52% clean-as-new efficiencies respectively; calorific values and CO2 emissions factors of sub-bituminous 
and bituminous coals were sourced from the IPCC database [4].  
3.6. Results 
The left part of Fig.1 shows the development of CO2 emissions per MWh from coal-fired power stations 
between 2010 and 2030. In 2010, the average emission intensity from coal-fired electricity was 1,056 kg 
CO2/MWh from a range of 1,042 to 1,071 kg CO2/MWh. These results are consistent with those of other 
studies [15]. Supercritical and ultra-supercritical combustion technologies can help achieve substantial 
reductions of 200-300 kg CO2/MWh in emissions intensity. The contribution is higher at the beginning of 
the capacity expansion and stagnates as the industry gets gradually cleaner. Switching to lower rank coals 
will lower the carbon intensity of electricity with about 20-30 kg CO2/MWh for all technology types. The 
right part of Fig.1 shows that total CO2 emissions from coal-fired power generation will increase in line 
with the projected generation ramp-up of about 20 times the 2010 value in 2030. In all, over 1 Mt of CO2 
can be saved annually if new generation combustion technologies are effectively utilized.   
 
 
 
 
 
 
 
Fig. 1. Projections of CO2 emissions per MWh and total CO2 emissions (SUBC: sub-critical, SUPC: supercritical, U-SUPC: ultra-
supercritical; A: anthracite, SB: sub-bituminous, B: bituminous coal)  
 
3.7. Conclusions 
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The expected growth of the coal-fired power generation in Vietnam will also bring a significant 
increase of the CO2 emissions in the power sector compared to the 2010 baseline. Adoption of the 
efficient combustion technologies such as supercritical and ultra-supercritical coal power plants will help 
to reduce the amount of CO2 per generated MWh. However this measure may not be sufficient to 
compensate the total rise in emissions caused by adding large shares of the coal-fired power to the total 
fuel mix. Therefore, the carbon grid factor of the electricity sector in Vietnam is expected to rise in the 
future, unless other low-carbon energy options are introduced. Such measures span across carbon capture 
and storage and coal-biomass co-combustion technologies which both offer significant potentials to 
reduce the carbon footprint. Other ways to compensate CO2 emissions from coal power include 
deployment of carbon neutral energy sources such as large-scale hydro and other renewables. Finally, the 
potential impact of the carbon tax on the economic competitiveness of the coal-fired power needs to be 
studied in more detail.  
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